The materials selected for this study were increment cores taken along 3 radii of 3ach of 5 mature white oaks on a south -facing slope and 5 on a north -facing slope in a ravine forest 2 miles south of Charleston, Illinois. In most samples annual rings were present for the years 1901 -1958, and these rings were cross -dated and measured to the nearest .001 inch. The widths of the earlywood and latewood were also determined. The data were reduced to average values for the 5 trees of each slope. Weather bureau records of average monthly temperature and monthly precipitation for Charleston, 1901Charleston, -1958, were employed; and estimations of monthly soil moisture storage and monthly evapo -transpiration deficits were calculated according to Thornthwaite and Mather (1957) .
variable are calculated. It is then possible to evaluate from the equation and the individual coefficients, the relative importance of the variables and their interrelationships. It is the objective of this paper to illustrate an application of these techniques to the problem of establishing dendroclimatic indices.
The materials selected for this study were increment cores taken along 3 radii of 3ach of 5 mature white oaks on a south -facing slope and 5 on a north -facing slope in a ravine forest 2 miles south of Charleston, Illinois. In most samples annual rings were present for the years 1901 -1958 , and these rings were cross -dated and measured to the nearest .001 inch. The widths of the earlywood and latewood were also determined. The data were reduced to average values for the 5 trees of each slope. Weather bureau records of average monthly temperature and monthly precipitation for Charleston, 1901 Charleston, -1958 , were employed; and estimations of monthly soil moisture storage and monthly evapo -transpiration deficits were calculated according to Thornthwaite and Mather (1957) . The inclusion of preceding growth values as independent variable was found to be necessary to take into account the autocorrelation which characterized the treering series.
The procedure for each step -wise regression analysis was to add one variable at a time to the regression equation most significant ones first) and to test for improvement of fit by means of the F ratio (Ralston 1950) . When the F ratio become 1.0 or less, no further variables were added, and the predicted and residual values for the final equation were calculated. If the significance for a given variable dropped below 1.0 after it had been included in the equation, the variable was dropped and a new equation was calculated before additional variables were added. The F level of 1.0 was thought more appropriate than higher levels, as experience showed that due to intercorrelation and interaction, some variables which were entered with low F levels were very significant when compared with their standard errors, or became significant when a following variable was added. The P level of 1.0 was also found to approximate the point where the multiple correlation was highest.
The standardized regression coefficients for 6 of these final equations for the trees on the south -facing slope are graphically presented in Figures 1 and 2 .
The height and direction of each bar is proportional to the relative contribution of the variable to variation in the total ring, The coefficients of correlation, coefficients of determination, and standard errors of estimate for 12 of the most significant problems are given in Table I . The analyses incorporating soil moisture storage as the moisture variable were least successful in accounting for ring variation and are not included.
It is apparent from the figures that the factors related to variation in earlywood are not the same, nor do they act in the same manner, as those affecting the latewood. Earlywood is not only a function of the environment during early season but is highly related to conditions and growth of the previous season, while latewood is directly related to the earlywood and to environmental conditions in June and July of the current season. The major exception to this is an inhibiting effect of high moisture during May of the previous year. As one would expect, the analyses employing total ring width represent a synthesis of earlywood and latewood relationships. A consideration of the physiological implications of these data is beyond the scope of this paper but will be considered in a subsequent publication.
The percent variance accounted for (coefficient of determination) was highest when precipitation was used in analyzing earlywood and when evapo -transpiration was used in analyzing latewood. Portions of the power series of year number were frequently included to remove trends apparent in the raw data. Median cross tests of the final residuals showed them to be randomly distributed throughout the 57 year period which indicates that the autocorrelation had been largely removed (Quenouille 1952 ) and the error estimates were appropriate.
If our objective is to establish a dendroclimatic index using growth rings in white oak, then it is evident from the above analyses that latewood most closely reflects the environment of the current June and July, but the influence of the earlywood on latewood and influence of trends should be removed. In order to simplify the equation, the variation in latewood was reanalyzed using the following as possible independent variables: X1 -average temperature for June of the current year, x2 -evapo -transpiration deficit for July of the current year, x3 -the product of xi and x2, x4 -year number, x5 -year number squared, x6 -year number cubed, x7 -earlywood of the current year, and x8 -the product of 294. and x7. The best fitting equations were: Latewood for trees on the south -facing slope = -.548x1
-.287x3 + 3.2263E6 + 2.090x7 + 43.087. Latewood for trees on the north -facing slope -.389x1
.178x3 -2.902x4 + 8.059x6 + 1.11+5x7 + 38.462. All coefficients were significant at the .99 level and most of them significant at the .999 level. The multiple correlations and standard errors of estimate are included under the heading "simplified equation" in Table I .
It should be noted that the stepwise multiple regression procedure not only
gives an objective means of screening all possible variables, but also provides a means of establishing a simplified predictive equation with a minimum number of variables. The variance accounted for in this simple equation is only 5% less than the original more inclusive equation.
In the simplified equations previously given, the selection of x3 instead of x2
indicates that evapo -transpiration deficit is more limiting in July if temperatures -5 -in June are high. The selection of x4 and x6 indicates that significant trends were in the original data but were removed by the analysis. Ordinarily when the tree ring series is sufficiently long, this can be accomplished beforehand by fitting a trend line and calculating an index (Schulman 1956 ).
The significant point here is that the above equations can be used to remove the effect of earlywood and trends on the variation in latewood thus enabling one to obtain an index which closely approximates the inhibiting effects of high temperatures in nine and high evapo -transpiration deficits in July. In Figure 3 resulted from either interpolation of data for the several short cores which lacked rings, or from abnormally rapid growth at the turn of the century which was perhaps due to cutting and release in several of the younger trees.
In conclusion, the study suggests that promising dendroclimatological information may be obtained by the following procedures.
1. Sample cores from a number of trees of a given species and group according to sites.
2. Distinguish between earlywood and latewood where possible, and consider these along with total ring width as dependent variables.
3. Allow for removal of trends either by calculating the usual index or by standard statistical techniques.
4+.
Consider the effect of both precipitation and temperature during the current as well as previous year. Allow for flexibility in analysis by using 6 monthly or other periodic climatic values rather than yearly averages.
5. Explore other measures of climatic variation such as the evapotranspiration deficit.
6.
Include as an independent variable the previous growth so that autocorrelation in the tree -ring series can be removed.
7. Use a stepwise multiple regression routine for screening the variables and force into the equation all variables which improve the multiple R (F 1.0).
8. Evaluate the relationships in terms of the existing knowledge of tree physiology, attempting to reconcile differences by further experimentation and measurements.
9. Establish a mathematical equation using only the factors found most significant in the screening process and compute the climatic index from long term tree -ring series.
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